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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacturing method of the 
biomechanical material which covered the hydroxyapatite thin film, and this 
biomechanical material in order to raise adhesion nature with a living body to the 
substrate of biomechanical materials, such as an artificial joint, a dental implant, an 
artificial blood vessel. 



PRIOR ART 



[Description of the Prior Art]In biomechanical materials, such as a dental implant, in 
order to improve compatibility with a living body, what covered the apatite film on the 
surface of the substrate is used. Although some methods, such as a plasma spray process 
and a sputtering technique, are proposed and enforced as a formation method of the 
above-mentioned apatite film, generally the plasma spray process is performed practical. 
Although this plasma spray process can form a comparatively thick crystalline film 
efficiently, control of tunic tissue is difficult and it is easy to become the layer in which 
the c-axis oriented crystal was intermingled as it is amorphous. On the other hand, 
although film formation efficiency is [ the thin film by a sputtering technique ] inferior 
compared with a plasma spray process, while adhesion and compatibility with a living 
body are good, it has a precise structure, and since it is comparatively smooth also in the 
surface, it has the advantage that the stimulus to a living body cell is small. By the way, 
although an amorphous-like apatite film is formed in usual weld slag, an amorphous 
apatite film has the problem that it is easily eluted in body fluid by contact with body 
fluid. It is known that the crystalline apatite film which carried out c-axis oriented does 
not almost have the above-mentioned elution on the other hand, and this c-axis oriented 
crystal apatite film is obtained by making substrate temperature at the time of weld slag 
into an elevated temperature. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] since [ by the way, ] a mechanical strength is 
weak, it is easy to damage it to the top where adhesion with a substrate is bad and the c- 
axis oriented crystal apatite film obtained by the above-mentioned sputtering technique 
has still larger internal stress — thickness — thick — carrying out (for example, 5- 
micrometer thickness **) — there is a problem of being easy to exfoliate. There is a 
problem of the uneven shape of the layer part being intense, and being easy to damage 
the apatite of a mechanical strength being also weak from the first in a layer part 
conjointly since the apatite film formed of the plasma spray process is in the state on 
which the spray particle rode on the surface of the substrate. This invention is made 
against the background of the above-mentioned situation, and is a thing. 



the purpose is to provide a biomechanical material in which it is alike, and excels, and 
there are not breakage and exfoliation, and the apatite thin film also with still less elution 
to body fluid was formed, and a manufacturing method for the same. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, while forming an amorphous apatite film in 
the surface of the substrate for biomechanical materials directly or indirectly according to 
the biomechanical material of this invention, Since a c-axis oriented crystal apatite film is 
formed in the outermost layer, while the internal stress of a tunic is eased and exfoliation 
and destruction are prevented, on the surface, the coat to which the compatibility to a 
living body is not highly eluted easily to body fluid is obtained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1 j It is an outline sectional view of one embodiment of this invention. 
[Drawing 21 It is an outline sectional view of other same embodiments. 
[Drawing 31 It is an outline sectional view of other same embodiments. 
[Drawing 4] It is an outline sectional view of other same embodiments. 
[Drawing 5 l it is an outline sectional view of other same embodiments. 
[Drawing 6 l it is an outline sectional view of other same embodiments. 
[Description of Notations] 

1 Substrate 

2 Amorphous apatite film 
2a Amorphous apatite film 
2b Amorphous apatite film 
213 Mixture apatite layer 
223 Mixture apatite layer 
23 Mixture apatite layer 

3 C-axis oriented crystal apatite film 
3a C-axis oriented crystal apatite film 
3b C-axis oriented crystal apatite film 

4 Ceramic thin film (aluminum 2 03) 

5 Ceramic thin film (ZrO) 
60 Plasma metal spray film 

62 Amorphous apatite film 

63 C-axis oriented crystal apatite film 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing method of the 
biomechanical material which covered the hydroxyapatite thin film, and this 
biomechanical material in order to raise adhesion nature with a living body to the 
substrate of biomechanical materials, such as an artificial joint, a dental implant, an 
artificial blood vessel. 
[0002] 

[Description of the Prior Art]In biomechanical materials, such as a dental implant, in 
order to improve compatibility with a living body, what covered the apatite film on the 
surface of the substrate is used. Although some methods, such as a plasma spray process 
and a sputtering technique, are proposed and enforced as a formation method of the 
above-mentioned apatite film, generally the plasma spray process is performed practical. 
Although this plasma spray process can form a comparatively thick crystalline film 
efficiently, control of tunic tissue is difficult and it is easy to become the layer in which 
the c-axis oriented crystal was intermingled as it is amorphous. On the other hand, 
although film formation efficiency is [ the thin film by a sputtering technique ] inferior 
compared with a plasma spray process, while adhesion and compatibility with a living 
body are good, it has a precise structure, and since it is comparatively smooth also in the 
surface, it has the advantage that the stimulus to a living body cell is small. By the way, 
although an amorphous-like apatite film is formed in usual weld slag, an amorphous 
apatite film has the problem that it is easily eluted in body fluid by contact with body 
fluid. It is known that the crystalline apatite film which carried out c-axis oriented does 
not almost have the above-mentioned elution on the other hand, and this c-axis oriented 
crystal apatite film is obtained by making substrate temperature at the time of weld slag 
into an elevated temperature. 
[0003] 

[Problem(s) to be Solved by the Invention] since [ by the way, ] a mechanical strength is 
weak, it is easy to damage it to the top where adhesion with a substrate is bad and the c- 
axis oriented crystal apatite film obtained by the above-mentioned sputtering technique 
has still larger internal stress — thickness — thick — carrying out (for example, 5- 
micrometer thickness **) — there is a problem of being easy to exfoliate. There is a 
problem of the uneven shape of the layer part being intense, and being easy to damage 
the apatite of a mechanical strength being also weak from the first in a layer part 
conjointly since the apatite film formed of the plasma spray process is in the state on 
which the spray particle rode on the surface of the substrate. This invention is made 
against the background of the above-mentioned situation, and is a thing, 
the purpose is to provide a biomechanical material in which it is alike, and excels, and 
there are not breakage and exfoliation, and the apatite thin film also with still less elution 
to body fluid was formed, and a manufacturing method for the same. 



[0004] 

[Problem(s) to be Solved by the Invention]In order to solve an aforementioned problem, 
as for the 1st invention, while the amorphous apatite film is formed in the surface of the 
substrate for biomechanical materials directly or indirectly, the c-axis oriented crystal 
apatite film is formed in the outermost layer among the biomechanical materials of this 
invention. While the biomechanical material of the 2nd invention results [ from a lower 
layer amorphous apatite film ] in the upper crystal apatite film laminates a crystal apatite 
film and amorphous films by turns. In the 1st or 2nd invention, the biomechanical 
material of the 3rd invention between an amorphous apatite film and crystal apatite films, 
It is increasing gradually or continuously as it is the intermingled layer with a crystal as 
an apatite is amorphous, and the rate of crystal ratios faces to a crystal apatite film. 
[0005]The apatite film according [ the biomechanical material of the 4th invention / on 
the 1st - the 3rd invention and ] to a plasma metal spray to the surface of the substrate for 
biomechanical materials is formed, and the amorphous apatite film is formed in the 
surface. The biomechanical material of the 5th invention is changed into the amorphous 
apatite film formed in the surface of a plasma metal spray apatite film in the 4th 
invention, and the intermediate thin film is formed. [0006]The manufacturing method of 
the biomechanical material of the 6th invention is the method of forming an apatite film 
by weld slag, when manufacturing the biomechanical material of the 1st - the 5th 
invention, 50 ** or less and the substrate cooking temperature at the time of crystal 
apatite film membrane formation were the substrate cooking temperature at the time of 
amorphous apatite film membrane formation not less than 250 ** and 500 ** or less. 
While the manufacturing method of the biomechanical material of the 7th invention 
makes substrate cooking temperature at the time of forming a mixture apatite layer with a 
crystal as it is amorphous the temperature requirement below 50 ** ** -250 ** in the 6th 
invention, The above-mentioned substrate cooking temperature is raised with the increase 
in the rate of crystal ratios of the surface of membrane formation halfway. The 
manufacturing method of the biomechanical material of the 8th invention performs heat 
treatment heated at 500-600 ** for 5 to 60 minutes after membrane formation of the c- 
axis oriented crystal apatite film of the outermost layer in the 6th or 7th invention. 
[0007]In the biomechanical material of this invention, proper materials, such as Ceramics 
Sub-Division and metal, can be selected as the substrate, and the use also covers large 
areas, such as an artificial joint, a dental implant, and an artificial blood vessel, and as 
long as it is a biomechanical material, it is not limited to a particular application. The 
apatite film formed in this substrate consists of hydroxyapatite substantially, and it is 
permitted that what is necessary is just to include a little other ingredients. In this 
invention, an amorphous apatite film is formed in the above-mentioned base material 
surface directly or indirectly. 

[0008]Therefore, an amorphous apatite film may be formed in the upper layer which the 
amorphous apatite film was directly formed in the substrate, and also formed the film 
with other materials. Ceramics Sub-Division and a metallic material can be used for a 
material film besides the above. This material has a strong mechanical strength, what has 
the good junction nature to a substrate is desirable, and what has the still less hazardous 
property to a living body is desirable. As a material which fills these demands, ZrO and 
aluminum 2 0 3 , Ti, and a Ti alloy are mentioned. The apatite film by a plasma metal spray 
may be formed in a base material surface so that it may mention later. And although the 



crystal apatite film which carried out orientation to c axis is formed in the outermost 
layer, in crystal apatite films other than the outermost layer, it is not required to carry out 
orientation to c axis, and orientation may necessarily be carried out to neither what 
carried out orientation to the a-axis, nor a specific axis. 

[0009]The above-mentioned amorphous apatite film, a crystal apatite film (a c-axis 
oriented thing is included), a mixture apatite layer, an intermediate thin film, and other 
material films can be formed by a sputtering technique except for a plasma metal spray 
film. However, it does not become indispensable that it is the film formed of adoption of 
a sputtering technique or a sputtering technique as this invention, and for formation of the 
above-mentioned thin film. It is also possible to adopt other thin-film-forming methods, 
for example, a vacuum deposition method, a CVD method, a sol gel process, etc., and it 
is also possible to adopt a different film formation method for every film. However, a 
sputtering technique is advantageous at the point that an organization is easily 
controllable by change of the cooking temperature of a substrate in a thickness direction. 
[0010]As for the thickness of each thin film, when forming membranes by the above- 
mentioned sputtering technique, it is desirable to carry out within the limits of 0.1-5 
micrometers. This is because many layers are needed for obtaining the thin film of 
desired thickness if thickness is too thin, fabrication operation is complicated and it is 
inefficient, and is for internal stress to become large and to become easy to produce 
exfoliation and a crack, if 5 micrometers is exceeded. However, in the amorphous films 
which form membranes directly to a substrate, in order to secure adhesion with a 
substrate, and in order to prevent the elution to body fluid effectively by the c-axis 
oriented crystal apatite film of the outermost layer, it is desirable to consider it as a 
thickness of 0.5 micrometers or more into a mentioned range further, respectively. 
[001 l]When forming a mixture apatite layer between an amorphous apatite film and a 
crystal apatite film, since character changes to a thickness direction gradually, thickness 
is also comparatively thick and the moderating actions of internal stress can make a 
mixture apatite layer large therefore. However, if it is made not much thick, since the 
problem of exfoliation will arise, the thickness of a mixture apatite layer is further 
permitted to 10 micrometers irrespective of the desirable range of the above-mentioned 
thickness. It is desirable for exfoliation to be 8 micrometers or less in that it avoids 
certainly. Although 5 micrometers may be exceeded as the whole by making thickness of 
each thin film into a mentioned range in this invention, since it is in the state where the 
sputter film in which character differs was laminated unlike the conventional example, 
internal stress is eased and exfoliation is prevented effectively. Therefore, the problem 
that the whole thickness is restrained by 5 micrometers or less like a conventional 
example for the prevention from exfoliation is solved. 

[0012]In formation of the above-mentioned sputter film, amorphous films and a crystal 
apatite film can be easily obtained by changing the cooking temperature of a substrate, 
While resulting in a crystal apatite film from an amorphous apatite film by carrying out 
temperature up of this cooking temperature gradually or continuously can be made into 
the mixture apatite layer in which the rate of crystal ratios rises as it faces to a crystal 
apatite film. If this and reverse are made to lower the temperature gradually continuously 
[ again ], while resulting in an amorphous apatite film from a crystal apatite film can be 
made into the mixture apatite layer in which the rate of crystal ratios decreases as it goes 
to amorphous films. And by a substrate being 50 ** or less, a desired amorphous apatite 



film is obtained, by heating in between below 50 ** -250 **, a mixture apatite layer is 
obtained and a crystal apatite film is obtained by [ not less than 250 ** ] considering it as 
500 ** or less. One with desirable substrate cooking temperature being 500 ** or less in 
formation of a crystal apatite film, When a substrate is heated at the temperature over 500 
** and a sputter film is formed, it is for the amorphous apatite film and mixture apatite 
layer which are formed before it to receive a thermal effect, and for them to crystallize, or 
for the rate of crystal ratios to rise. The coat from the above-mentioned amorphous films 
to a crystal apatite film through a mixture apatite layer, Although it may be one layer, 
when laminating an amorphous apatite film and a crystal apatite film by turns according 
to the 2nd invention, it is possible to also make the above-mentioned mixture apatite 
layer intervene between each amorphous apatite film and a crystal apatite film. When 
forming a c-axis oriented crystal in the case where a c-axis oriented crystal is obtained to 
a inner layer by request, or the outermost layer, orientation of the crystal can be carried 
out by adjustment of membrane formation speed etc. 

[00 13] When forming a plasma metal spray film in a base material surface, the thickness 
in particular is not limited, but it is desirable to consider it as a thickness of 50-500 
micrometers so that the film which could form the thick film efficiently and was formed 
may maintain moderate intensity. Since this spraying film could not be formed uniformly, 
it became unevenness, when thin, the natural complexion of the substrate may have come 
out, but since these portions can be covered with the upper thin film, compared with a 
plasma metal spray film monolayer, it is hard to receive restrictions of thickness. When 
forming the above-mentioned plasma metal spray film, the amorphous apatite film 
mentioned above in the upper layer is usually formed, but it may change into this and an 
intermediate thin film may be formed. This intermediate thin film is formed in the base 
material surface mentioned above, and also it can be formed with the material selected 
from the same viewpoint as a material film, and can constitute a film from ZrO and 
aluminum 2 0 3 , Ti, and a Ti alloy like the above. 

[0014]After forming a c-axis oriented crystal apatite film in the outermost layer, in order 
to raise the crystallinity of this crystal film, it is also possible to heat-treat a 
biomechanical material, and it is desirable to perform cooking temperature in this case at 
500-600 **, and to perform cooking time in 5 to 60 minutes. This is for having an 
adverse effect on amorphous films or a mixture apatite layer, as mentioned above, when a 
crystalline improvement effect is not fully acquired as it is less than 500 **, but 600 ** is 
exceeded on the other hand, even if the effect of heat treatment by heat treatment being 
less than 5 minutes exceeds 60 minutes on the other hand rather than is enough, since the 
effect of heat treatment is saturated, it is carried out in a mentioned range. As for the 
thickness of a crystal apatite film (not only the outermost layer), since there is a tendency 
for the heat stress in a film to become large when performing the above-mentioned heat 
treatment, it is still more desirable to be referred to as 1 micrometer or less within the 
limits of the above mentioned thickness. 

[0015]That is, according to this invention, since the film which excelled [ side / substrate 
] in junction nature with a substrate, and was excellent also in the mechanical strength is 
obtained, and it excels in compatibility with a living body in the outermost layer and a c- 
axis oriented crystal apatite film also with little elution to body fluid is obtained, the 
biomechanical material which has the good tunic excellent in endurance is obtained. 
Between lower layer amorphous films and the c-axis oriented crystal apatite film of the 



outermost layer, if amorphous films and a crystal apatite film are laminated by turns, 
internal stress is eased by lamination of the material in which character differs, and there 
is an operation which intensity increases. Since the two or more layers crystal apatite film 
is laminated, even if the crystal film of the outermost layer should be damaged, elution of 
a tunic does not take place one after another, and it is effective in elution being prevented 
with the following crystal film. In order to enlarge this effect more, the crystal film of a 
inner layer is also made c-axis oriented. If the rate of crystal ratios constitutes between 
amorphous films and crystal apatite films from a mixture apatite layer which changes 
continuously or gradually, character can be changed gradually and relaxation of internal 
stress will be made much more effective. 

[0016]In what forms a plasma metal spray film on the surface of a substrate, a tunic can 
be formed taking advantage of the advantage of thermal spraying by cheap methods (it is 
[ membrane formation time when apparatus cost is low ] short). And since the c-axis 
oriented crystal of an interlayer and the outermost layer which changes to the amorphous 
apatite film to the upper layer or this is formed in the irregular surface in a plasma metal 
spray film, while uneven shape is eased, a dense layer is formed in the outermost layer, a 
surface part is strengthened, and damage is prevented. If thickness (0.1-5 micrometers) of 
within the limits with the above mentioned desirable thin film is used when forming the 
above-mentioned thin film on a plasma metal spray film, some uneven shape remains in 
the surface and there is an effect whose compatibility with a living body increases. It is 
because the bone which re-** this on an apatite, the skin to stick, etc. have unevenness in 
an adhesion side, the one where surface area is larger being joined strongly, and the 
anchor effect by unevenness work and bonding strength goes up further. 
[0017] 

[Embodiment of the Invention]The embodiment of this invention is described below. 
(Embodiment 1) As shown in drawing 1 , the amorphous apatite film 2 of 0.1-5- 
micrometer thickness and the c-axis oriented crystal apatite film 3 are laminated by weld 
slag on the substrate 1 which consists of a proper material. On the occasion of weld slag, 
when forming the amorphous apatite film 2, the substrate 1 shall be 50 ** or less (for 
example, room temperature), and when forming the c-axis oriented crystal apatite film 3, 
the substrate 1 is heated at 250-500 **. Since the amorphous apatite film 2 with large 
bonding strength is formed in the substrate 1 by the above, the good tunic of junction 
nature is formed by it, Since it furthermore excels in compatibility with a living body in 
the outermost layer and the c-axis oriented crystal apatite film 3 with little elution to body 
fluid is formed, it is good and the biomechanical material which has the tunic excellent in 
endurance is obtained. 

[00 18] (Embodiment 2) As shown in drawing 2, the amorphous apatite film 2a of 0.1-5- 
micrometer thickness, and 2b and the c-axis oriented crystal apatite films 3a and 3b are 
laminated by turns by weld slag on the substrate 1. When forming the amorphous apatite 
film 2a and 2b and the cooking temperature of the substrate 1 for weld slag forms 50 ** 
or less and the c-axis oriented crystal apatite films 3a and 3b like Embodiment 1, it shall 
be 250-500 **. The biomechanical material which has the apatite tunic which bonding 
strength was high like Embodiment 1, was good, and was excellent in endurance by the 
above is obtained. By laminating an amorphous apatite film and a c-axis oriented crystal 
apatite film by turns, internal stress is eased, a mechanical strength improves and 
exfoliation is prevented effectively. Although amorphous apatite film 2b is easily eluted 



when the c-axis oriented crystal apatite film 3b of the outermost layer receives damage, 
the substrate 1 can be effectively prevented from elution being stopped with the c-axis 
oriented crystal apatite film 3a of a next layer, and damage reaching even the substrate 1, 
and as a result being exposed. 

[00 19] (Embodiment 3) In this embodiment, as shown in drawing 3 , on this substrate 1 
that was 50 ** or less, The amorphous apatite film 2 of 0.1-5-micrometer thickness is 
formed by weld slag, Then, temperature up of the cooking temperature of the substrate 1 
is gradually carried out in below 50 ** -250 ** (for example, 150 **, 200 **), and the 
mixture apatite layers 213 and 223 in which the c-axis oriented crystal was intermingled 
as it is amorphous are formed one by one. In comparison with this mixture apatite layer 
213 and the mixture apatite layer 223, the rate of crystal ratios of the mixture apatite layer 
223 is larger than the mixture apatite layer 213. It is the upper layer of the mixture apatite 
layer 223, and the c-axis oriented crystal apatite film 3 is formed in the outermost layer 
by heating and carrying out the weld slag of the substrate 1 to 250-500 **. According to 
this embodiment, as shown in Embodiment 2, bonding strength is high, and it is good, 
and excels in endurance, and the tunic which internal stress was moreover also eased and 
intensity increased is obtained. In this embodiment, since the characteristic changes 
gradually while resulting in a c-axis oriented crystal apatite film from amorphous films 
by a mixture apatite layer, the improving strength by stress relaxation becomes more 
remarkable. 

[0020] (Embodiment 4) In this embodiment, as shown in drawing 4 , on the substrate 1 
which was 50 ** or less, the amorphous apatite film 2 of 0.1-5-micrometer thickness was 
formed by weld slag, temperature up of the cooking temperature of the substrate 1 was 
continuously carried out gradually in below 50 ** -250 ** after that, and the c-axis 
oriented crystal was intermingled as it is amorphous — it forms mixture apatite layer 23. 
The rate of crystal ratios is increasing as this mixture apatite layer 23 faces to the c-axis 
oriented crystal apatite film 3. It is the upper layer of the mixture apatite layer 23, and the 
substrate 1 is heated at 250-500 ** in the outermost layer, and the c-axis oriented crystal 
apatite film 3 is formed. Since the characteristic changes gradually while resulting in a c- 
axis oriented crystal apatite film from amorphous films by a mixture apatite layer while 
the effect shown in Embodiment 3 by this embodiment is acquired, the improving 
strength by stress relaxation becomes much more remarkable. 

[0021] (Embodiment 5) In this embodiment, as shown in drawing 5 , the ceramic thin film 
(aluminum 2 03) 4 and the ceramic thin film (ZrO) 5 are formed on the substrate 1, It is 
equivalent to what formed the amorphous apatite film 2 and the c-axis oriented crystal 
apatite film 3 in the upper layer one by one like Embodiment 1, and formed the 
amorphous apatite film 2 indirectly on the substrate 1 . According to this embodiment, the 
biomechanical material which has a tunic whose endurance it is good like Embodiment 1 
and is high is obtained. And the bonding strength of the substrate 1 is sufficient thing by 
formation of the above-mentioned ceramic thin films 4 and 5. In this embodiment, 
although the two-layer ceramic thin film was formed on the substrate 1, that number of 
layers in particular may not be limited, and one layer or three layers or more may be 
sufficient as it. Not a ceramic thin film but a metal thin film may be sufficient, and these 
may be laminated. 

[0022] (Embodiment 6) This embodiment forms the plasma metal spray film 60 on the 
substrate 1, as shown in drawing 6 , The substrate 1 shall be 50 ** or less, and the 



amorphous apatite film 62 of 0.1-5-micrometer thickness is formed in the upper layer of 
this spraying film 60 by weld slag, Furthermore, the substrate 1 is heated at 250 ** - 500 
**, and the c-axis oriented crystal apatite film 63 of 0.1-5-micrometer thickness is formed 
on the above-mentioned apatite film 62. According to this embodiment, using the 
character of a plasma metal spray film, the apatite tunic of a thick film can be formed 
efficiently, it is still better like each above-mentioned embodiment, and the 
biomechanical material excellent in endurance is obtained. In this embodiment, since the 
amorphous apatite film 62 and the c-axis oriented crystal apatite film 63 are formed on 
the plasma metal spray film 60, the uneven shape of some of that by which the uneven 
shape of the plasma metal spray film 60 is eased remains. This uneven shape is effective 
in increasing compatibility with a living body. 
[0023] 

[Effect of the Invention] As explained above, while forming an amorphous apatite film in 
the surface of the substrate for biomechanical materials directly or indirectly according to 
the biomechanical material of this invention, Since a c-axis oriented crystal apatite film is 
formed in the outermost layer, while the internal stress of a tunic is eased and exfoliation 
and destruction are prevented, on the surface, the coat to which the compatibility to a 
living body is not highly eluted easily to body fluid is obtained. 

[0024] If it is what was laminated by turns and a crystal apatite film and amorphous films 
are constituted, while resulting in the upper crystal apatite film from a lower layer 
amorphous apatite film, It is eased more by the above-mentioned internal stress, and 
between an amorphous apatite film and crystal apatite films, If constituted from a mixture 
apatite layer which is a layer in which the crystal was intermingled as an apatite is 
amorphous, and increases gradually or continuously as the rate of crystal ratios faces to a 
crystal apatite film, internal stress will be eased further. 

[0025]rf the apatite film by a plasma metal spray is formed in the surface of the substrate 
for biomechanical materials, the interlayer who changes to the surface of this apatite film 
at an amorphous apatite film or this is formed and a c-axis oriented crystal apatite film is 
formed in the outermost layer, While the above-mentioned effect is acquired, a tunic can 
be manufactured efficiently and cheaply and thick-film-izing is also easy. 
[0026]If 50 ** or less and the substrate cooking temperature at the time of crystal apatite 
film membrane formation shall be not less than 250 ** and 500 ** or less and the weld 
slag of the substrate cooking temperature at the time of amorphous apatite film 
membrane formation is carried out when manufacturing each above-mentioned 
biomechanical material, The above-mentioned amorphous apatite film and a crystal 
apatite film can be easily formed on a substrate. 

[0027]When forming a mixture apatite layer with a crystal as it is amorphous, while 
making substrate cooking temperature into the temperature requirement below 50 ** ** - 
250 **, If the above-mentioned substrate cooking temperature is raised and weld slag is 
carried out with the increase in the rate of crystal ratios of the surface of membrane 
formation halfway, the mixture apatite layer which has the desired rate distribution of 
crystal ratios can be formed easily. 

[0028]After membrane formation of the c-axis oriented crystal apatite film of the 
outermost layer, if heat treatment heated at 500-600 ** for 5 to 60 minutes is performed, 
the character of a c-axis oriented crystal apatite film can be raised, without having an 
adverse effect on amorphous films and a mixture apatite layer. 



CLAIMS 



[Claim(s)] 

[Claim 1]A biomechanical material characterized by forming a c-axis oriented crystal 
apatite film in the outermost layer while an amorphous apatite film is formed in the 
surface of a substrate for biomechanical materials directly or indirectly [Claim 2]The 
biomechanical material according to claim 1, wherein while resulting [ from a lower layer 
amorphous apatite film ] in the upper c-axis oriented crystal apatite film laminates a 
crystal apatite film and amorphous films by turns [Claim 3]The biomechanical material 
according to claim 1 or 2 which is the layer in which a crystal was intermingled as an 
apatite of between an amorphous apatite film and crystal apatite films is amorphous, and 
is characterized by increasing gradually or continuously as the rate of crystal ratios faces 
to a crystal apatite film [Claim 4]The biomechanical material according to claim 1 to 3, 
wherein an apatite film by a plasma metal spray is formed in the surface of a substrate for 
biomechanical materials and an amorphous apatite film is formed in the surface [Claim 
5]The biomechanical material according to claim 4, wherein it changes into an 
amorphous apatite film formed in a surface of a plasma metal spray apatite film and an 
intermediate thin film is formed [Claim 6] It is the method of forming an apatite film by 
weld slag, when manufacturing the biomechanical material according to claim 1 to 5, A 
manufacturing method of a biomechanical material 50 ** or less and substrate cooking 
temperature at the time of crystal apatite film membrane formation being substrate 
cooking temperature at the time of amorphous apatite film membrane formation not less 
than 250 ** and 500 ** or less [Claim 7]A manufacturing method of the biomechanical 
material according to claim 6 characterized by raising the above-mentioned substrate 
cooking temperature with an increase in a rate of crystal ratios of a surface of membrane 
formation halfway while making substrate cooking temperature at the time of forming a 
mixture apatite layer with a crystal as it is amorphous into a temperature requirement 
below 50 ** ** -250 ** [Claim 8]A manufacturing method of the biomechanical material 
according to claim 6 or 7 performing heat treatment heated at 500-600 ** for 5 to 60 
minutes after membrane formation of a c-axis oriented crystal apatite film of the 
outermost layer 



